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Abstract
Crop management practices (tillage, residue management, fertilization, etc.) define the soil environment to which crops are
exposed and through these environmental conditions control crop growth. The purpose of this paper is to report the response of
winter wheat (Triticumaestivum L.) to long-term (10 years) application of fallow tillage practices (plow, sub-till, and no-till)
and N fertilization in terms of above- and below-ground dry-matter partitioning. During 1978, less winter wheat root tissue
was produced in the sub-till treatment compared to the average of the plow and no-till treatments. However, in 1979, all
treatments produced the same amount of root tissue. Averaged over all treatments, root tissue was ca. 7% of the above-ground
dry-matter production. During 1979, less above-ground dry matter was produced at late grain fill (27 June) with addition of N
fertilizer (929 g mp2) than when N was not applied (957 g m-2). In contrast, during 1980 (at about the same stage of
development), application of N resulted in more above-ground dry-matter production in the plow and no-till treatments, but
addition of N reduced production in the sub-till treatment. Grain yield followed similar trends. Nitrogen application also
increased tiller production and number of tillers surviving to maturity. Nitrate reductase activity was measured to determine if
the reported lesser levels of nitrate-N in soils under reduced tillage management changed N metabolism of the plant. Nitrate
reductase activity differed among N rates (when measured after N application), but did not differ among tillage treatments.
0 1998 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction
Crop development and growth are intimately linked
to the environment to which the crop plant is exposed
(Bond et al., 1971;Wilhelm et al., 1987,1989). In nonirrigated agriculture, fertilization, tillage, and residuemanagement practices are the main ways in which
producers modify the soil environment to enhance
*Corresponding author. Tel.: +1 402-472-1512; fax: +1 402-4720516; e-mail: wwilhelm@unlinfo.unl.edu

crop production. The soil environment has an influence, not only on root development, but also on top
growth (Barraclough, 1984; Bennie et al., 1987; Peterson et al., 1984; Wilhelm and Mielke, 1988). Peterson
et al. (1984) reported that use of smaller pots (0.17 1
vs. 3.40 1) to grow winter wheat (Triticum aestivum L.)
in a glass-house experiment resulted in reduced leaf
number, leaf size, tiller number, main stem height, and
plant dry matter even if plants were supplied with
adequate water and nutrients. Wilhelm and Mielke
(1988) found that soil bulk density and the presence of

0167-1987/98/$ - see front matter 0 1998 Published by Elsevier Science B.V. All rights reserved.
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compacted soil layers (simulated tillage pan) can
reduce growth of wheat shoots and roots. Similar
results were reported by Oussible et al. (1992) for a
field study conducted in Morocco. Temperature,
water, and nutrient regimes established under specific
management practices can affect top growth directly
(Power et al., 1986; Wilhelm et al., 1986), and indirectly, through modifications of root development
(Merrill et al., 1996).
Tillage and N-fertilization practices may have
direct or indirect impact on plant processes other than
root growth. In terms of crop productivity, dry-matter
partitioning and leaf area development are critical
factors determining light interception, and through
it, crop yield (Milthorpe and Moorby, 1974). In addition, Broder et al. (1984) suggested that reduced
tillage and no-till cropping systems can be characterized as having less NO3-N in the surface 30 cm of soil
compared to conventionally tilled systems. Because
nitrate reductase activity in the plant responds quickly
to changes in NO3 level (Chantarotwong et al., 1976;
Neerajdatta et al., 1981); if there is less NO-,-N in the
no-till system, it is hypothesized that nitrate reductase
activity of winter wheat would be reduced in no-till
fallow systems compared with tilled systems. The
purpose of the research summarized in this report
was to evaluate the above- and below-ground growth,
partitioning, and nitrate reductase activity of winter
wheat in response to specific fallow-tillage and nitrogen-fertilization practices applied over an extended
period (10 years).

2. Materials and methods
These data were collected during the years of 1978
through 1981 on the Previously Cultivated site of a
long-term winter wheat-fallow experiment near Sidney, NE, USA, on an Alliance silt loam soil (fine-silty,
mixed, mesic Aridic Argiustoll). Details on the experimental site and cultural practices have been
given by Fenster and Peterson (1979) and Lyon
et al. (1998).

2.1. Root data
Root samples were collected in the growing wheat
from tillage and fertilizer treatments during the fifth

winter-wheat-fallow cycle (1978 and 1979). Techniques used were similar to those described by Wilhelm
et al. (1982). Summarized data from the 1978 season
were reported there. In 1979, samples were collected
using a ~ i d d i n ~ hydraulic
s'
soil sampler equipped
with a 76-mm diameter by 1.20-m long probe. One
sample was taken midway between the seeded rows in
areas where no wheel traveled during planting. At
each sampling date, cores were divided into 0.15-m
long segments, placed in plastic bags, and stored at
4°C. Cores were extracted to 1.20 m on 18 April, 24
May, and 27 June. Individual soil cores were soaked
for 2 h in a calcium metaphosphate (Calgon) solution
and washed by hand over a 50-mesh sieve (openings
<0.33 mm). Root material retained on the sieve was
stored in a 50% (vlv) aqueous solution of ethyl
alcohol. Samples were later dried at 80°C for 24 h
and weighed.

2.2. Leaf area and above-ground dry matter
Above-ground dry matter was collected several
times during 1979, 1980, and 1981 by clipping three
1-m row segments at a height of 50 mm. Plant material
was weighed and water content determined by drying
a sub-sample to a constant weight at 60°C. An additional sub-sample of 50 culms, representing the range
in culm size and age in the total sample, was collected
to determine leaf area. All leaf blades were separated
from the sheath at the collar and leaf blade area
determined with a Lambda 3000 leaf-area meter.
Specific leaf weight (SLW, ratio of leaf-blade weight
to leaf-blade area) and leaf weight fraction (ratio of
leaf-blade weight to sub-sample weight) were calculated and used to determine leaf area index (LAI). Leaf
area ratio (LAR, ratio of leaf-blade area to total aboveground plant weight) was also calculated. Tiller number was determined by measuring the length of row
occupied by 250 tillers and converted to tiller m-2.
Grain yield was determined by collecting grain from
above-ground samples collected as described above at
physiological maturity.

e en ti on of a trademark, proprietary product, or vendor does not
constitute a guarantee or warranty of the product by the USDA or
the University of Nebraska, and does not imply its approval to the
exclusion of other products or vendors that may be suitable.
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lected several times within a growing season were
analyzed independently.

Nitrate reductase activity was determined using
the method described by Klepper (1974). Most
recently, fully developed leaf-blade tissue from
several plants was cut into 1 cm long pieces. A
250 mg (fresh weight) sample of this tissue was
incubated in a 50-ml beaker for 30 min at 33°C
with mild agitation in 5 ml of incubation medium
containing both KN03 and KH2P04 at 50 pM and
2 g 1-' of Neutronyx 600 (a nonionic surfactant).
Final pH of the incubation media was adjusted to
7.5 with 3 N KOH. Nitrite concentration was determined colorometrically at 540 nm for an aliquot (normally 0.2 ml) of the incubation medium after addition
of 2 ml of a solution containing 0.5% sulfanilamide,
1.5 N HC1, and 0.01 % a-naphthylenthylene-diaminedi HC1 and brought to a final volume of 4 ml with
deionized water. Activities were expressed as pmol of
NO2 produced per kg of fresh weight of leaf-blade
tissue per second.
All data were subjected to analysis of variance for a
randomized complete block design with a split plot
arrangements of treatments. Tillage treatments were
assigned to whole plots and nitrogen fertilizer rate
treatment was assigned to subplots. Similar data col-

3. Results and discussion
3.1. Root growth
Modifications in cultural practices change soil properties which may, in turn, influence crop growth and
development. Wilhelm et al. (1982) reported that the
tillage and residue management practices in this study
significantly affected root distributions and growth in
1978. The greatest root weight was found in the no-till
treatment and the least with the sub-till treatment
(Table 1). Nitrogen application did not affect root
weight.
During 1979, root distribution with depth was
similar to that reported for 1978 (Wilhelm et al.,
1982), but the tillage and N fertilizer treatments had
no effect on root weight. Though differences between
treatments were not significant in 1979 due to the
combined influences of relatively similar amounts of
root weight produced under all fallow tillage and N
fertilizer treatments and high variation which is characteristic of all measurements of root mass or length

Table 1
Root dry matter of winter wheat grown at the Previously Cultivated site in 1978 and 1979.
Fallow tillage

Nitrogen
rate (kg ha-')

Root weight (kg ha-')

1978
Plow
Sub-till
No-till
Plow
Sub-till
No-till
LsD(o.05)
Plow
Sub-till
No-till
LSD(0.05)

0

45

1979

28 Mar

3 May

8 June

18 April

24 May

27 June

51
119
125
36
48
83
ns

374
134
605
275
342
496
56

642
332
660
452
503
606
70

103
456
136
174
215
61
ns

325
391
396
443
404
407
ns

550
769
703
555
495
638
ns
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(Schafer and Nielsen, 1981), some similarities were
apparent between results from 1978 and 1979. Comparing fallow tillage means at the final sampling
(about mid-grain fill) in both years, the greatest root
weight was found with the no-till treatment. Between
the two years, root weight was similar for the plow
( 4 5 0 kg ha-') and the no-till ( ~ 6 5 kg
0 ha-') treatments. However, root weight for the sub-till treatment
varied more than 200 kg ha-' between the two years.
Reasons for the greater season-to-season variation are
not known; but in the Previously Cultivated site, the
sub-till treatment tended to be the treatment which
produced the least grain and residue over the course of
the experiment, especially when no fertilizer was
applied (Lyon et al., 1998). Soil water content may
have also played a role in the variation in root tissue
produced. Averaged over the duration of the study, soil
water content at planting was least for sub-till
(0.180 kg kgp1) compared to 0.18 1 kg kg-' for plow
(not different from sub-till) and 0.187 kg kg-' for notill.

Averaged over tillage and N treatments and years,
ca. 575 kg ha-' of root tissue was present at the last
sampling (about mid-grain fill; Table 1) in 1978 and
1979. This is ca. 7% of the above-ground dry-matter
production in 1979 and 1980 (Table 2). This number is
somewhat low compared to some published results,
but near the range (9-13%) reported by Barraclough
(1984) for winter wheat grown in Britain and within
the range (4-17%) found by Schmidt et al. (1994) in
Western Australia.

3.2. Leaf area and dry matter
Leaf area and dry-matter distribution characteristics
were similar across all treatment combinations in late
May 1979 (Table 2). At late grain fill (27 June), SLW
for no-till was less compared to the sub-till treatment.
Dry-matter production at the same sampling time was
greater for the no N treatment than for the 45 (kg
N) ha-' treatment.

Table 2
Leaf area index, specific leaf weight, leaf area ratio, and dry matter of winter wheat grown under several fallow tillage and N-fertilizer
application treatments at the Previously Cultivated site in 1979
Fallow
tillage

23 May
Plow
Sub-till

LSD(0.05)
Tillage
N-rate
N*T
27 June
Plow
Sub-till

LSD(0.05,
Tillage
N-rate
N*T

Nitrogen
rate (kg ha-')

Leaf area
index

Specific leaf
weight (g m-')

Leaf area
ratio (m kg-')

Dry matter
(g m-')
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Table 3
Tiller number, leaf area index, specific leaf weight, leaf area ratio, and dry matter of winter wheat grown under several fallow tillage and Nfertilizer application treatments at the Previously Cultivated site in 1980
Fallow
tillage

Nitrogen
rate (kg ha-')

Tiller number
(tiller m-')

a

Leaf area
index

Specific leaf
weight (g m-')

Leaf area
ratio (m2 kg-')

Dry matter
(g mP2)

13 May
No-till
Sub-till
Plow
LSD(0.05,
Tillage
N-rate
N*T
11 June
Plow
Sub-till
No-till
LsD(o.05)
Tillage
N-rate
N*T
a

Only two blocks sampled on 13 May.

A general lack of treatment influence on leaf area
and dry-matter characteristics was noted at the 13
May, 1980 sampling (Table 3), although leaf area
index (LAI; 1.49 vs. 2.08) and dry matter (1.54 vs.
2.22 g mP2) for no-till was less than for the other
treatments. By 11 June 1980, the tillage effects
were no longer observed. However, greater LA1
(0.91 vs. 1.36) and leaf area ratio (LAR; 1.30 vs.
1.91 m2 kg-') were found for the 45 (kg N) ha-'
treatments than for the no N treatment. Although these
parameters both measure the size of the photosynthetic apparatus of the plant (one in absolute terms,
LAI; the other in relative terms, LAR), the total size
of the plants was similar (dry matter; 706 g rnp2).
The lack of an N-treatment effect in the earlier sampling may have been related to the timing of N
application. Nitrogen was applied in mid-April, one
month prior to the first sampling. Plants may not have
had time to respond to addition of N before sampling,
but did so before the June sampling. At physiological

maturity (10 July, 1980) more total dry matter was
produced when N was applied to no-till and plow
treatments; however, N application reduced total drymatter production for the sub-till treatment (Table 4).
The grain yield interaction between tillage and N
application was apparent for the plow and sub-till
treatments, and was in the same direction as that
for dry-matter production. Averaged over all tillage
treatments, more grain was produced when N was not
applied.
During 1981 (Table 5), tillage treatments did not
affect dry-matter and leaf area parameters. Addition
of N resulted in increased tiller numbers at the
May sampling (943 vs. 1113 tillers rnp2). Although
the total number of tillers was less at the July sampling, the application of N resulted in greater tiller
survival (Table 4; 675 vs. 769 tillers m-2). Greater
amounts of total dry matter and grain were also
produced with the addition of N during this cropping
season.

W W Wilhelm/Soil & Tillage Research 49 (1998) 49-56
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Table 4
Total dry matter, grain yield, and tiller number of winter wheat grown under several fallow tillage and N-fertilizer application treatments at the
Previously Cultivated site
Fallow
tillage

Nitrogen rate
(kg ha-')

10 July, 1980
Plow

0
45
0
45
0
45

Sub-till
No-till
LSD(0.05,
Tillage
N-rate
N*T

Tiller number
(tiller m-2)

Total dry
matter (g m-')

Grain yield
(Mg ha-')

704
730
699
805
67 3
715

636
701
73 1
642
704
73 1

1.77
1.86
2.34
1.73
2.12
1.93

ns
ns
ns

ns
ns
59

ns
0.13
0.23

15 July, 1981
No-till
Sub-till
Plow
LSD(0.05,
Tillage
N-rate
N*T

Table 5
Tiller number, leaf area index, specific leaf weight, leaf area ratio, and dry matter of winter wheat grown under several fallow tillage and Nfertilizer application treatments at the Previously Cultivated site, 11 May, 1981
Fallow
tillage

Nitrogen rate
(kg ha-')

Plow

0
45
0
45
0
45

Sub-till
No-till

Tiller number
(tiller m-')

Leaf area
index

Specific leaf
weight (g m-2)

Leaf area
ratio (m2 kg-')

Dry matter
(g m?)

LsD(o.05)
Tillage
N-rate
N*T

3.3. Nitrate reductase activity
Broder et al. (1984) reported that the surface 30 cm
of non-tilled soil can be characterized as having less

NO3-N compared to conventionally tilled soils. To
evaluate the effects of this tillage-induced change in
the soil environment on plant physiological processes,
nitrate reductase activity of winter wheat leaf tissue
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Table 6
Nitrate reductase activity at several sampling dates during 1979 through 1981 of winter wheat grown under several fallow tillage and Nfertilizer application treatments at the Previously Cultivated site
Fallow tillage

No-till
Sub-till
Plow

Nitrogen rate

Date

(kg ha-')

1979

1980

17 April
22 May
26 June
nitrate reductase activity ((mmol NO2) kg-' s-')

13 May

26 June

11 May

11.2
13.3
12.2
11.1
11.9
11.2

4.1
8.6
6.2
7.2
2.8
6.7

4.3
6.3
6.5
7.8
5.2
6.3

9.0
15.3
11.6
18.3
12.8
15.3

1.6
2.9
1.3
3.6
1.9
3.4

8.5
15.8
14.8
16.7
8.6
13.6

ns
ns
1.5

ns
1.2
2.0

ns
0.6
ns

ns
1.3
2.2

ns
0.6
ns

ns
3.0
ns

0
45
0
45
0
45

1981

LSD(0.05)

Tillage
N-rate
N*T

was compared across treatments. With less NO3-N
in the no-till system, it was hypothesized that
nitrate reductase activity of winter wheat would be
reduced.
Data from 1979 (Table 6) at the 17 April sampling
date (prior to N application) showed nitrate reductase
activity was greatest for winter wheat produced with
sub-till and plow when no N had been applied in
previous years. However, with no-till the opposite was
true. After N application, nitrate reductase activity
was consistently greater for treatments receiving N.
The greater activity of nitrate reductase after N applications was also observed in 1980 and 1981. Tillage
was not a significant source of variation for any of the
evaluation times (in any year). However, the N by
tillage interaction tern was significant on 17 April and
22 May, 1979 and 13 May, 1980. The 17 April
interaction was discussed in the foregoing. On 22
May, 1979, the interaction was caused by the magnitude of the difference between no N and 45 (kg
N) ha-' treatments among the tillage practices. For
no-till and plow, addition of N more than doubled
nitrate reductase activity; however, a sub-till addition
of N caused only a 17% increase in activity. Again on
13 May, 1980, the interaction was caused by a difference in magnitude of nitrate reductase activity with
addition of N. With addition of N, nitrate reductase
activity increased 60-70% for the no-till and sub-till
treatments, but only 20% for the plow treatment. The
initial hypothesis was not supported by these data.

Nitrate reductase activity of no-till was always similar
to that of other tillage treatments.

4. Conclusion
Modification of the soil environment by tillage
practices had a substantial influence on wheat root
development and distribution patterns. A greater mass
of root tissue was observed on 3 May, 1978 with the
no-till treatment than with the plow or sub-till treatments. Ellis and Barnes (1980) also found greater root
counts in direct-drilled compared to wheat planted
into plowed soil. At other sampling times in both 1978
and 1979, tillage treatments had similar root masses.
Root growth was sensitive to soil layers with greater
soil strength (Wilhelm et al., 1982). This result is
similar to the findings of Martino and Shaykewich
(1994) at the Marquette site where they observed a
reduced rooting below a layer with greater penetration
resistance in the zero tillage treatment. In general, leaf
area and mid-season dry-matter production did not
respond to tillage practices. Nitrogen fertilization did
not have a consistent effect on dry-matter production
when measured during the growing season as was
done here. This result is similar to that reported by
Fenster and Peterson (1979) and Merrill et al. (1996);
In contrast, Lyon et al. (1998) reported greater residue
yields with addition of N over the 26-year duration of
this study. The data reported here were collected after
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about 10 years of treatment. Under conditions of this
study, nitrate reductase activity proved to be a poor
indicator of level of nitrate nutrition.
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